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Fig. lb' 

FIGURE 1 
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FIGURE 4 




Fig. 5c 
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FIGURE 6 




Fig. 6a Rg.6b Fig. 6c Fig.6d Rg.6e 




FIGURE 2 
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FIGURE 7 
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55.0119 

A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The invtutioa ittates to the fidd of pctrokuAi service and supply ioduitnei, aad more 
piftiGuIirly to compleiiiig wclb fiH- prwi^^ 

Whik driSiiig tt taking pUoe^ the in^^ 

that needs to be ecQusted so that the bydiauSc ptessure of the mud cohmrn opposes the leaks 
&om the fixmatioas while sinBiItaneously avoiifii^ damaging the underground fofmatkm by 
fifYcUiring them. When the diiOed depth exceeds t ccxuin value, the pressure difioesce due to 
the Wsmot m depth is such that h is no logger possUe to fixmulate a mud capable of 
pedbi mutt its function over the entire length of the wen. so to prevent ooQapse of die wall, fa 
U neoessuy to line the bole with metal casing. For this purpose^ a oertaio number of casiqg 
tubes are fdaoed end to end and lowered down the wcUp and ace fi)^ 
cemcnring. Thereafter, drilling can continue down to the next critical depth. 

Each newly-driDaS kiigtfa must be fined with casnv of outside dba^ 

pass thfoi^ the easily that is airoidy in place at diaBonm dcpt^ 

staircase stnicture with 4 hde that is large at the top of the wcfl and much narrower at the 

bottom of the wdL Such a ennfiguiation i$6r from optimal: a large hole et the anr&ee means 

that drilQng tune must be wisted in a non-product zone, whereu a narrow hole in the 
uacfiil zones does not frvor production by good draining of the fivmation. 

Worse stilL b ollea happens that the hole passes through unexpected critical 

bociqg has rcndied n critical dqpdt Such critical zones may. for escampki be vrins of very 

fiiable rock or '^odoet^ of gu which, even thov^ they are usuafy 

miyor sources of danger both for the wdl and fix the work force on the surftce. Under aicb 

circumstance^ the only sohnion is often to cement these zones by putting casing into place 

imm ed iate ly, tfierdiy ftsther reducing the size of the holQi which cu lesd to a well being 

abandoiied if fiutber cfiflfiouh zcmes are cncotintered u drilfii^ confinues. 
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h wS aba be larifentood tkat it tt vciy diffioik u> icpw du^^ 
cni«, wnthout fiatlicr lipafieaidy icducnglhe 
imvtniing peaetratian of ootata loob or ti^ 
praductMn zoae^ fiir cxHii|>le. 

Over the iMl few the mtotiy Jw devdoped new led^^ 
eoii«deife« then taapoiBi^. » u to Bdnnm the w 
dawdwle Ameter of the wdL 

Pioponb have thu» been iwKfe to u«e » eeii»o(ile BiteiW conpitog 

nade <rf ^ fiben impwgDiied twth aoihpoly^^ 

menbniie covedng ia outside 6ce wlwh tt 

appropriate Iw ««««'»^ » Wfinl 

portion ofcaw* and Ae reAi b cBiMd to polymeriw by being heatel Tte 

that teehaque b that H recjuirei electricd pow of the Older of JOOO 

thitt liiMtir« itt appBcatioo to tfe«6« jonea that are rehth^ 

of lynlhetic inateriil cwmot cowtitute a fiittl reptoe^ 

be aipi4)K » P«tieJ». of wAtetandiBg treatiBBnti baied on itt^ 

that are paitkubriy conosive. 

US Patent 5 348 095 propose* mtSmg cuing out of a ooofiououi tube of ducli* material 
capd>le of vrithnawfing Ittee nwunti of pUide defbcmation. Ibe tiihe b enhrgod by a 
conical tool, and it can optionally be cemented. However, expanion of the tube b 
Mxonpanied by a leduetioo in the total lei«lh of ibe tiAei and tiib oo gl^ 
piobtana it the endi. FtetherwKti the piwm ceqMiirf ««PM*» ^ 

OS Patei* 5 3W 012 propose* a perforated liner provided wth ovtiUpp^ 
A nmiditl h«vii« a taige <fiameter that b greater dm 4e iMide fiuntfer of 4e peifcna^ 
boer B used to expmd the waH of the Emt and the orifice* become hrga. Fiber-ieiafbrccd 
cemam em tben be cast oo eidw fide of fl» finer, and once ae eenw* ha* act. the inride of 
the finer b boied agiin. thereby bwing t CMing of flfciiMaiert to fa reinft^ 

ninfiKcemenL The need fiv fiather boring after oemesting cowtitutea a 44wl«k of 
that teetanque. In adjfitioo. in the abowHnentioiied case, the preawre* re<^^ 
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the tube tre qidte high and the final length of the finer b reduced. Finally; the ilott mist be 
pierced in compfiince mth very predie specificitioni, wUdi leads to a nMu&ctuiing cost 
thatisiHgh. 

An object of the pitMiit inmttion is a novel type expandable easing diat does not ptesent 
the abovoHoufltiooed ilrMvbacfci of the aft 

Aocordkv to the invcotioi^ this object is schteved by a finer &r no nip l rtii^ a bole in an 
imdcfgnKuid fiMnatioii, the liaar being constituted by a qM-wound itrip of ^nral cross- 
sectioiv iu loogitwBnal ediges havfa^ cooipkmeslary tondmig pnfks such that after 
eqaniBM the Gner Is drcubr in section. 

To Gon^ete e wdl. spinl lube is lowered to the bottom of the hole and its wiUs arc 
qjread by means of a placement tool» e.g. a conod tool, so w 

a toiKMng position where they form a finder. A dosed oominuous liner is thus obtained 
winch can be ce mente d m conventiottal manner without ceneat invading the faidde of the 
liner» and 0ais without there being any need to bote invde the casmg. It sbodd be obscnred 
that tile spinl-wQund casn^ of the invcfld^ 

homontal or intlti-latecal. given hs smaD dkmeter m its contncted state which lends itsdf 
wefl to betf^ instaBed in namw welb or in wells of tnyectoiy that n 
trufitional casing segments. 

The finer of the iemn&m is also .wdl adapted to provisionally completing problem zones. In 
tny event the hole may optionally be eoUr^ in the difficult zone and a spiial Bner whose 
diameter sfter esq»ansion is dose to the diameter of the hole before e n la i g on e n t m^ then be 
pin mto place and ceanemed. Thereafter, diQ&9 can cootioue and the e^^ inchiding 
the zone tfait hsa aheedy booi completed, b subsequently completed m convcflli^^ 

The s^ral casing of the inveation can also be used for rcpimng canog that bu been damiged, 
ttnoe outside diameter of the spiral casing after e^qmnsion can be selected to be 
veiy sGghtly less the inside ^ameter of the easily that ia already m platt 

The spinl-wound sti^ prefeii% has chamfered longitudinal ei^ that define contact 
suifooes whose general direction lies m a plane which fonns a noo-zero angle lehoive to tiw 
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longbidiiiil axis of the filler. Also 

to provide mechinicti engagemert at • prtdrteni^^ 

la « more puttcularly ptefottd wittit of Ac inventioii^ the liner it dbtiined by rolEng 19 1 

strip eboirt tA axii that it It t oettam aagle rciiti^ 

fudi dreuAitaiicet. when the Gaer u m 

h& erouad the cgrBndcr. If the period of the helk 

Sguce b oblabBiii«oseki«AttMt e^ 

The finer oftheaiveotk»c»n be wwaid 

coiled ftibiqg. lo order to convtee tectioni ditl are of pttt leqgA. H b poniNe to wdd 
together a phwBty of iheeti. eite during inaiiuto 
usii^ the coiled tubii« tedouque^ or ebe Aect^^ 

The Boer of the invention be mide of ineiil e.g. eteel or 
desired degfoes of elasticity and plasticity, tt th«^ 

b sdected. and providing it hainot be« cemented, then the Ina of the iovcrtion can 
opfiooily be leniowod^ thus intkn^g tecvnaiy places 

Other detaiU and edvMtsg^ chir«tebtica of the invemion appear ten the BsMng 
description given with reftrenGe to the SgureSk in wlBcfa: 

• Figure 1 U a (Bagraininitic view of a fint «iibod^ 

ifier expansion, shown in perspective (figures U and 1 b) and in end view (F gyrts la' end 

m 

- Fifuie 2 shows an expansion tool; 

. Figure 3 shows an cxsmple of mechamcal 

3d) and shows various profiles for soch toothed e4g0s; 

• Figuio4 U apcrspective view of alinerfath^ contracted st^ 
wMi toothed sections; 
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- Figun 5 iho ws a finer of ilie invciitkm htviag longitucfinal edges coitttftatmg a double he&x. 
seen m pc np ccti v e in the eoatacttd state (F^g^reSaX ificr cxpinsioft (FigureSbX tod in 
lof^gjtufaal lection (Fvire 5c); 

- Figure 6 thow$ an exanaple of temponuy oooiplecioa us^ 

- FIguie 7 Shows t typical sequence for coiqileim 

* FigMf^ S shows e varittt of a fioer of mveotkm 
scraeo. 

The oonceiil of the inventkm is shown ia Figure I . A strqi. eg. a metil stiq^ it spiraK-woiiiid 
(Figures la and ta") with oveiisp over an aqgk A. After cxpansioiv the loicr b circular in 
lectloo and itt loc^gHui&nl edges cofne into oocdact to oonAi^ 

If the winding follows an Ardnmeda^ sjun], then writing for the thidaiess ^ the strip and 
Dc for the pseudcMfiameter of the sphiKwound strip in the contreOed state* the vahie De of 
the dhmeter after cxpantton is tfvcn by Aefottowing equation: 



where A, the overlap ai^ b eipressed in nufians, and where the lengths De. Dc* and g are 
esqucawd m the same units. 

With an overiap of 90* u shown in Figure 1 a. a liner having an outsde diameter De of ITS 
cn (7") and a ihickMSs g of 9 J nmi (3/8 ofan hidi) b eoiinKtcd to i diaaie^ 
(5.86^. For an overlap of I80^» the expansion b dose to 50K. 

By way of exasyle^ tbetodfbrexpandii^theliner oftbeimrentioncanbeconstttiitedb^ 
douUeeonensieaobly as shown &gramniadcallyb Figure 2»faav^ lOsuitablelbr 
bciqg fixed to the cod ofaeoibd tube or ofa string offods, and a aeoofid end H of diameter 
wnflsr to dnt of the spiraH-wound bner in the oontnded itattp thereby m a bfing the spiral- 
wound Boer to be pudied to the tone i^diich b to be completed. The expansioo tool also 
mdhides an enlaiged zone 12 of outside diameter close to M ioakb diameter of 
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kliube««p«i«led. Tbeeolifgedane llbpieft^ 
Pirt by fwnrte cMttol ine«M wA » hydMifc p«a^ 
or web laeans u b conventk»il &r pUceneat toA 



111 the vttiirt of the ioventioa ih«rw in nguie3, IJ* 
gwwteethw tttofofm aneeluBiicd loet As eanbe «« 1^ 
H« toothed edg^ ill tiis cue in edge hiving three teelK CM prov^ 

It liw be obKtwd tint Ifae leiiptBdtiiri edget hwe » coetort mm bong Ib a gCMiri 
direction X? «,noi^^re«tng|eTd«ivetotheiioni«ltothelong!tudii^ 
•11^ rfiboul 45*, «d inore jHway lying i« 1»« W JO" to «^ » 

0U» vm« toothed pwfilei ■» AowB in Bpjre 3ei The mmte 

or oa the comniy, deaeaed, ud it u possiMe to sdect profilci that are nener to beiag 

i,|utfe » » tP ediieve eogngenei* Ihrt i» doter to Wflg of ^ 

ofthe eatmi^Aowii in FiffireJ, to toothed edgetfoOowageaenl*!^^ P et a 
cenab ai«le relative to the Boraal to the loneMiMl •»» of to 
preftnfcty iuch ai to iriitoiie radW fiiiiioo Ibf^ 
eonptenmiaiy |»itie«» At rfioim iiir»iie3e. to 

«xpiwfii« to .piril-wouiKl finer ewite ndiil fiit^ 

to edge* apart m lepaiwioB Ibiee ciB be ntfaiinijed or even efit^^ 

ihapeoftoteeih. 

The fofcea Pa and Fb *Aich aniii 01 loeUng to liner ere difcclfy 
««)e A of to Bn« in to ««iirted poiiiioo. IfcwertoleM. to^ 
iB«a» to radial fcieea ao tot a balance oust be Ibund between to deaiied codBe^ 

npaanon and medianical toddng. 

Tl» finer is expa«led into to *ape of a eone of dimaaona that depotd 
geomrtiy of to Hiiral-wound faer and » ita daaio^ 
angk of to cowai e«paoiion looL To in* fiiction fb»»eat it 

an m p-n^'^ tod oonititiited by a cone whoae apex aa^ is dose to that of to •naninJ' 
eqiannon cone of to siwal^wound finer. 
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As shofWB mm pirtlculiffy in Figure 4, tbe ixis of the cqg^geoient teeth fonns an angle B 
ivhfa the was of the ipixal-wQUDd tube. This angle B has id optnntm vahte lyuqg b e tw e en the 
"Utfural* caqpanskm cone ai]|te of ^ 

FigiireS ihowt the tnoit parlicularty preferred vxriim of the tnvemton in which the finer is 
obtained by rx^Eqg up a Arijp about an axis that is at a oertab aqgle tdative to the axis of 
aymmelry of tbe str^« hx the contracted position ^igmeSaX tbe edges fimn a dobUe hdSx 
aroind Oe ioer. Alter aqwiinn (PiguieSbX tte 
winds helicallsr eroind the Boer. 

A paitkulariy advantageous aspect of thb geometry Ees in cxpans^Hi to 

be p e rib nne d without cban^ng the X length of the liner. U, as shown tn FigureSc, the 

*(fiameter^ (^the finer aie written Do aisdDe (where mdexg corresponds to the fintf 

tbe cottfricted state and inda[ fi to the iner in the expanded stateX tnd if ^ 

hdical ouivea Mlowed Iqr the loisfftudittal edges ar^ 

hefct is defined a* beag the distance ineasaradaloig the loiitftudMa^ 

two eorreiiKWilngpoinU that ate one complete tuniiy^ 

(or De if the case be)X ind if the tciQivh of a loi^fBi^ 

a finer vteae total leqgth u X H can be shown lhat the ki«th L u equal to^ 



X does not vaiy. 

With this doubte helix cottfiguratioQ, it ihoidd also be obscn^ tiu^ 

finer is of thidmess W, then the diameter after expaosioo is g^ by eq^ 




and that consequendy. if the tape is loOed up in such 4 
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Rndly. iootbef conioqiieiic^ 
m A plane pecpendkulsr to the ixis rfthe fiiKf du^ 
double htfx fcier i« oil pcfpea&diriy to tl« 
eodi wffl define pcrfcci dnici to plane tftit tit tb^ 

ixu of the liner. TKs dispos&m is paiticulaify &vonble for enairing KaGng of the 
completion at the coda of the linar. 

TjguiTt f and '"g"r ififUnffTT***^ ^ ggmples of cQmotoion vm a aimil- 

iifound finer of the inveoiioiw it bdiQ undM^ 

my. 

In the cxan^le shown in Figoreti. the ijwal-wound tube b tued fiv compWiig a zone in 
tenporaiy manner. In a « deq) water. Ae pioblm 
between the fiaeturing gradicrt and the pleasure of the Ibfi^^ 

probtemt anodaied, for exan^k. with the presence of fonnattoni that are WgWy uut^ 

(dayey rock, aandi, atlti, etc.) in depiction lonci, or other probtema Aat are weU known to 

the pcrion skilW in the art. The fiaandil conreque^ 

l«>|K)rtio€i to their leogft lince amki^^ 

on an cm occasion, thevefay ledudng the damcier of die hol^ 

The wdlkw been drffled and easily hai been installed mitt upper portion I. Dcitinghuthen 
continued beneath ihe caring shoe 2 to pierce a bole 3 that is subi^^ 
is not cased, prior to reaching a xone 4 of length U whidi needs 
OTigure 6a)- TTie deciBon is taken to proceed with temponuy 
iBventioit Asiwal-woundli^ 

doi*le conical eKpantfoo tool 6 fixed at the end of a tnbe 7. The expand 
nwvc on (Figwe fib) so M to spiced apart the wato 

diameter (Rgure 6cV Once the iner b ui plice (Figure 6d) the ewpansioa tool is returned to 
the suxfe and the finer is cemented using liner eeinemo^ ted^ 
shown hew, the finer is pitnided with opei^ 
the finer towards the aniwhis 9 whk* Is to be cemcrtod, howw 

shoe ooifid be used. 
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After escpannoi^ tl» innde ifiuDetBT of the 

hole in lones m^icre there «re no drilKng pr o bl em s (where u c ccui i y , the hole cm bo cclaiyd 
ia the lone that reqinrts tratnmt by neta of i reamer). DriOiog can then be ttarted tgain 
without Msty need to driD through • oemeoted zone» and the entire wdl can be completed in 
aooofdanoe with the ongiiial dtilting plan, and without any reduction in the diameter of the 
wdL 

It tt clear that addMonaltDola audi M a flWnin?ffCOtJ^ 

of the inventioQ. Aiso» the Snct sa prdSBnd>ly fitted imth eodpieces made of a material that ia 
etsOy deformed and that is easy to driB (e.g. afcimitwMnX thereby guaracteeingthtt the spiral 
wound liner ia properly esqMided over its entire lei^gth. 

A sequence ofuaittg a spiraUvound liner of tiie invention e)rcoo9leKiqg a section of a 
reservoir it shown in Figure 7. Such an o p er at io n be envisiged, fi)r example^ with 
formations that are unstable or sandy. 

The apirat-wound finer of the invention is broy^ in the contiacted sute to a n oa«cased 
section of the leaervocr (Figure 7a) and it is then expanded by mans of an expansion tool 
(Figurea 7b and 7c). Like any other productioo tincr, the Encr of tte Invention is^ in this caae^ 
pierced to allow productioo fluids to pasa therethrough, and as shown in RgureS, it is 
preferably covered b a grid ^K^uch may be fixed thereto, e.g. by being welded to tiie strip prior 
to spiral winding. The grid is pre&raMy on the outAde hot of the liner, faco^ towarda the 
wall 

It ahould be observed ^ tiie wrftce area of die loDed-up strip remains unaltered during 
expawion so wcMa are not weaipaicd by the spiral>wound liner of the invent^ 
place and expanded. For the aame reason, dm nae and distribution of the opcmngs provided 
fiar aObwitig the production fUM$ to pass can be selected in a manner that is enlirdy 
independent of the diametera in the oontracled state aiid n the expanded stateL Thb makes 
poasMe^ in partieiilar, to obtain a Uner that b very strong in association with greater stability 
ud lor^ fife of the wdl. 
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a horunottl wen. ■ qnnl-wouiid tnv of 
c» be plKjed vev doae to the fijnntfua, in upper iMJrt^ 
oftca not dw cue with t coovcBiiaml liiicr ihit u 

So kmg o it ha» not been eemeoUd, » Jpinl-wwind liner c» 

q)edd toot which Hptfttei the loQpiudind edges » ii to 

rehmi to • «t»te to A«t of itt Wthd contraettd itrtet ff Bidi «B^^ 

oidy ito «owitf noiA. or ew Aould be tikeo to iiie ■ 

retriaiiv iiB de«ic pnpcflics over mdi 0 faqs period time. 

Tl»e geometry of the ipinl-wouiid Biw of tho imwBlion U 

production « taw wet Ftor exenple. it ii ponibk to uie 

th«Jtrewtditedt<)gethei)thet are pierced mepnxlefin^ 

roilen or by a hy*»ilie IKW having a pniidi. Tl« looiitii^ 

coMinHOiuiy w •» to give thon a toothed profile, and grids may lin^ 

aloag one of the lonptuAid edge* be&ce winding into a ipiiiL FmaBy. the «rip nay be 

apiral-woiind iftwily and then coBed. either contin^ 

lengthL 



In generri. it b prelWble to pay out a liner of the toventioii fiom » red »«e that i» cheaper 

oaco the section to be completed is long, snd more teBsble since cooneetioos an omhttd. 
Neverthdcsa, it U ecptfy poiAle to lao 8«« of fixed togdi and to peifonn cojnpfe^ 

zone by repeatedly placing and expanSng lengths of Sner. 
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CLAIMS 

y AGnaferooiiq)lctii^ t hofemiAundefgrou^ the Gna bong coDsdtuttd by a 

tpinl-wouiid strip, iu loagitudiail e4ges having compkracnUry toucfaiqg profies such that 
after eq^tDftOft the fiaer u dfcuhr m seedo^ 

2/ A finer aoconling to claim I, cfaaracterized in that the longitudinai cd^es define a eontact 

sui&oe of feaerai dfftedonDljfbg in a plane that fbm a ooikzere aiqilc relative to the 
loi^gjtudiBal axil oTthe finer. 

3/ A finer acoirdiiig to claim 2. charictcriad in diat s»d 
i> of the coniaa sur&oe Ees in the range 30* to 60'". 

4/ A finer acxx>fding to any preoediog dam, charartcrized in that the touduog longitwdinal 
edges have a sawtooth profile. 

Si A finer aoocmltAg to any (Hvoeding daim. dttractctiy«i in that the finer ts obtained by 

lolEag up a stiq> about aa axis that is at a oertain angb relative to the axa 

strip. 

6/ Alineraooordii^ to any preoediog ciain^ charectcrized hi that it iapiovided with openii^giL 

7/ A finer aecofding to ciahn 6. diaracterind in that it is coverod in a grid. 

8/ A finer aocoitfing to claim 7» chariGterizcd in that the grid is welded oa 

9^ A inethod of convleta^ a hole hi an underground fbnnati^ 

b kiwmd down the hcde. and the sttijp is opened uiiti a circu^ 

of a cofDcal p iaccincia fool for puttiBg the kwgltiidinal cd|ges iitto a toucMi^ posation. 

10/ A method aooorfiog to daha 4» characterized in that it also indudes a cemen ting 
operatioo. 

11/ Tbe use of the mediod aocorfif^ to damis 9 or 10, for temporary completion of zones 
that are dqikted or unconsofidated. 
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-Il- 
ls/ Tlie use of the method •ceof*^ to daim 9 0^ 

13/ llie UK of the xnethod of claim 9 for compkti^ 

W A syitem fbr ft^^»**f t hole in an underground fonnatiOQ, chanctaized m that it 
iodttdes t hner oeconfing to any one of daims 1 to I and an expansion tool tuicable fix 
Ipl^ing apan the bogltudtnal e4gea undt they take ^ 
edgMo-e4gBL 

ly A. tod Ah^ whhdiwm^g & Sner nraoidiiv 10 any OM 

means br moving the longituduud edges by a Aameter gmter than the diameter 
compiiaiv to e drcular tecttoo and eoablii^ the finer to ahiink so as to rtxure to s •poral- 
wound configoration of a dianaeter th« » sroaD enough to end^ 
the well. 
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